Two Ageing Methods for Muskrats: Live or Dead Animals
Eric Le BOULENGE Le A new method is presented for ageing living muskrats, Ondatra zibethicus (Linnaeus, 1766). It consists of fitting a second-order polynomial to a set of measurements of tail length, taken at various ages of an unknown-age animal. The birth date is estimated as the time at which tail length equals the mean tail length for muskrats at birth. Tested with known-age muskrats, this method yields unbiased estimates, even for animals two months old when first measured. It is moreover based on sounder assumptions than the »classical« age estimation by reference to a growth curve calibrated on known-age animals. A reference growth curve of the crystalline weight is next given; 95% confidence interval to age amounts to approximately 11% of the estimated age. The crystalline lens growth in a group of confined muskrats was slower than for animals raised in natural conditions.
[Labo. Ecol. theor. et Biom., U.C.L., Place Croix du Sud 5, 1348 Louvain, Belgium].
INTRODUCTION
To describe any age-specific characteristic of an animal, knowledge of its -age is necessary. Animal population studies may deal with living or with dead individuals. Few parameters indicative of age may practically be measured on living animals, but measurements may be repeated at various ages of each individual. On dead animals on the contrary, many parameters may be measured, at only one particular age. The kinds of information thus differ and distinct analysis techniques should be used in these two situations.
The techniques and parameters used for ageing rodents were reviewed by Pucek & Lowe (1975) ; methods adapted to the age estimation in muskrats were considered by Ruprecht (1974) . The general principle is to compare a measure on the unknown-age individual, to a growth curve calibrated by measuring known-age animals. The optimal parameter thus is the one with minimal inter-individual variability. Such calibration curves of weight, tail length and body length are presented by Errington (1939), Dorney & Rush (1953) and E rick son (1963), as means to estimate the age of living muskrats. The growth rate of these characteristics vanes s s a function of various factors (i.e. genetic, climatic,...); whence the proposed reference curves lack generality. With dead animals, it is more probable that a parameter will be found, whose growth is nearly independent from external sources af variation. Among the parameters approaching this ideal, the weight cf the crystalline lens of the eye seems a wellsuited age indicator for many rodent species (Lord, 1969 1968) . Accordingly, the crystalline weight was chosen as age indicator for dead muskrats in this study.
AGEING LIVE ANIMALS BY EXTRAPOLATION OF THEIR GROWTH CURVE

Description of the Method
This method takes advantage of repeated measurements of a growing characteristic on an unknown-age animal, to estimate its age. The method will be described using tail length as age indicator, as this seems well suited for muskrats (Dorney & Rush, 1953) . Besides the set of measurements from the unknown-age animal, two more informations are needed: the expected tail length at birth ar.d a function relating tail length to age. The mean tail length at birth was obtained from wild and captive new-born muskrats, as 2.74 cms. (±0.15 cms., 95% confidence interval). This is in agreement with the data presented by Errington (1939), Dorney & Rush (1953) and Erikson (1963) . As a function describing tail growth, a second-order polynomial was found adequate for muskrats up to six months in age.
Thus, from as set of measurements of tail length at different times (ti, t 2 , ..., tń) on an unknown-age individual, we estimate the coefficients of the equation: Let t 0 be the position of the birth date on the time-axis; then, its estimation, t 0 , is the time value for Y = 2.74cms. (Fig. 1) . The common least-squares procedure yields estimates of the coefficients b t and of the various variance and covariance components. Assuming homogeneity of the residuals, interval confidence of t for given Y, may be obtained by application of an optimization method (Le Bouleng6 & Fey tm a n s, in prep.). lb: length at birth.
x: time-axis, starting from an arbitrary date 0, i.e. that of first observation. h: birthdate estimated by extrapolation of the growth-curve (value of the abscissae at which predicted tail length is lb).
Results
Choice of the Age-indicator
Three characteristics easily measured on living animals in the field, were initially retained as potential age-indicators: body weight, tail length and hind-foot length. The deviations between true birthdate and the estimations yielded by the extrapolation method, were compared for these three characteristics, using the data of 13 known-age muskrats ( Table 1 ). The hypothesis, that mean deviation is nil, is accepted at the 0.05 significance level, only for tail length data. The proportion of variance unexplained by the regression is smallest for tail length, generally below 1%, while it ranges from 2 to 8 a /o for the other two characteristics. Tail length was thus chosen as the most adequate of these age-indicators.
Variability of Age Estimation According to Age at First Measurement
The exactness of the age estimations derived by the extrapolation method may be influenced by the age at which the measurements start on the unknown-age individual. This influence was studied using the data from 11 known-age muskrats. The age estimation method was applied to each individual, successively using its measurements taken from birth on, next only those taken after the age of 25 days, finally those taken after age 50 days. The deviation between true and estimated birthdate was calculated for each individual in these three situations ( Table 2 ). The mean deviation differs according to the age at which Table 1 Deviations between estimated and true birthdates according to the characteristic used as age indicator. Table 1. the observations start, being significantly different from 0 in the case the measurements start at the age of 25 days. The bias in age estimation observed when observations start at this age may indicate a modification in tail growth at the age of 25 days. Muskrats start swimming actively at this age. The above mentioned bias was not observed in two individuals reared without a place to swim (No. 1 and 2 of Table 2 ). Precision of the age estimations is quite variable between the individuals, probably because of temporary irregularities in the tail growth. A substantial gain of precision may be attained by joining into one sample the data from various same-age individuals {e.g. a litter). The extrapolation age estimation method was applied to four known-age litters of muskrats (Fig. 2) between estimated and true birthdate did not exceed 8.6 days when measurements started at the age of 25 days, and 3.8 days when they started at the age of 50 days.
Study of the Assumptions Underlying the »Extrapolation« and the »Classical« Methods
To compare the validity of the extrapolation method with that of the »classical« growth-calibration method of age estimation, the respective underlying hypotheses are examined. The growth-calibration method relies on the following assumptions:
(1) The type of function postulated to describe tail growth is valid for any individual of the population; (2) All animals of the population have a same tail length at birth; (3) The coefficients of tail growth are of identical value for all the animals of the population.
On the other hand, the extrapolation of growth curve method assumes hypotheses (1) and (2), but is independent from hypothesis (3), as the coefficients of tail growth are estimated from the data of the unknownage individual itself. The validity of these hypotheses was tested using the growth data of four known-age litters of muskrats, measured weekly from birth on. To investigate on hypothesis (1), the goodness of fit of a second order polynomial was tested. In the four studied litters, the relation between tail length and age proved to be nonlinear, but Table 3 Analysis of the regression of tail length as a function of age.
Litter
Source Mean square Significance departures from the second-order polynomial was non significant in three of them (Table 3 ). In the fourth, departure from the second-order model is significant, although from graphical inspection (litter 3, Fig. 2 ) one would expect a good fit. The significant effect here may be due to an increase with age, of the variability in tail lengths (see Snedecor & Cochran, 1969, p. 457). Thus it seems that, at least for these four litters, tail growth could safely be described using a secondorder polynomial, till 130 to 170 days of age. Data from a natural population of muskrats, to be published elsewhere, support this hypothesis in the case of wild-living muskrats.
No sufficient data were available to investigate on hypothesis (2); nevertheless, departures from this assumption probably will induce a minor bias in age estimation, since they occur at the time of most rapid tail growth.
Finally to test hypothesis (3), tail growth from 0 to 50 days of age was described by linear regressions for the 4 litters of muskrats. The slopes and elevations of the regression lines show significant betweenlitter differences (analysis of covariance, P<0.0005 in both parameters). This demonstrates that hypothesis (3) has to be rejected, and invalidates age estimation methods relying on it.
Conclusion
The extrapolation of growth-curve method offers a means to estimate the age of living animals, taking advantage of the repeated measurements on the unknown-age individuals. This method is superior to the »classical« reference to a calibrated growth curve, as it does not rely on the unrealistic hypothesis of a same growth rate for all the individuals in the population.
GROWTH CURVE OF THE LENS FOR AGEING DEAD MUSKRATS
Material and Methods
Twenty-three known-age muskrats (9 from nature, 14 from captivity) were sacrificed at various ages, from birth to 700 days. The lenses were dissected after fixing the eyes for one year in a 10%> formalin solution (A s k a n e r & H a n s s o n, 1967; Fisher & Perry, 1970) . Once dissected, the lenses were dried during 8 days at 80°C; in fact, no more significant change occurs in their weight after the fifth day of dessiccation. A further two days at 110°C brought no significant modification in the lens weights, so dessiccation at 80°C may be considered as complete as at 110°C. All weighing was performed with a microelectrobalance Beckmann (0.01 mgr. precision); mean weight of the two lenses was used to characterize each individual. The relation between lens weight and age (Fig. 3) will be described separately for two groups of muskrats, the first grown in natural or semi-natural conditions, and the second, in confined conditions (small cages and no adequate swimming place).
we igh t mg 15 O Fig. 3 . Observed lens weight as a function of age for three groups of muskrats: wild, captive in semi-natural conditions and captive in confined conditions.
Results
The analysis of linear regression of the lens weight as a function of the natural logarithm of age is presented in Table 4 for the group of muskrats reared in natural conditions. To overcome the difficulty Table 4 Regression of the lens weight as a function of age. Although departure from linearity is significant, the linear regression accounts for 99.4°/o of the lens weight variance and its predictive value is thus excellent.
Data from the group of individuals reared in confined conditions were similarly analyzed. The fitted regression is illustrated in Fig. 5 together with that of the »natural« group. The slopes of these two lines differ significantly from each other, so lens growth is slower for the »confined« than for the »natural« group of animals. A similar difference was observed in the general growth features of these two groups of muskrats.
Discussion
The lens growth calibration provides a quite precise and easy method of ageing dead muskrats. When using the above presented regression, fiducial limits at the 5°/o probability of error level for the age, falls approximately at 11%> of the estimated age. Vincent & Qu£r6 (1972) presented, to my knowledge, the first published reference growth curve of the lens in muskrats. Their study took place in northern France, under similar climate as my study site. But the growth curve they present, differs markedly from that illustrated in Fig. 4 . This difference may be due to the fact that they used animals reared in confined conditions, and to the procedure they used to dry out the lenses (short time at 110°C). Direct exposure of the lenses to a temperature of 110°C might provoke a hardening of their outer layer and consequently slow down the evaporation rate.
This comparison points to the necessity of standardizing the procedure for preparing the lenses, in order that a same reference growth curve be applicable for various studies. The procedure proposed in the present study yields a very small residual variance. Care must be taken to fix the eyes soon after the animal's death, if possible before a direct exposure to direct sunlight is possible. Prolonged formalin fixation hardens the lens, thus lessening the danger of decay of lens tissue during dissection.
CONCLUSION
The need for standardization of the procedures in age estimation methods, has rightly been emphasized by Pucek & Lowe (1975) , as it is a necessary condition for a calibration curve of growth to be useful. These authors also point to the necessity of knowing which level of confidence may be attached to age estimations obtained by some method. Accordingly, emphasis was placed in the present study on " interval estimation and on the influence of different sources of variation, on the estimation of age. The »extrapolation« method takes into account the variability of growth rate between individuals. The principal constraint is that the unknown-age individual must be measured several times during its growth period. On the other hand, the lens weight method yields quite precise and low-variance age estimations; but the validity of a reference curve of lens weight, is affected by the variability in growth rate due to several (climatic, seasonal, nutritional, genetic...) factors (Pucek & Lowe, 1975) . Studies to clarify the effects of such factors are still lacking.
